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ABSTRACT 

The ACES ejection seats currently utilize a 
Recovery Sequencer based on analog 
technology to control ejection event timing 
and ejection mode selection. The Recovery 
Sequencer has limitations with respect to 
installed life, electronic component 
obsolescence, flexibility to accommodate 
seat safety improvements, and mode 
differentiation at the Mode 1 to 2 crossover 
point. The Digital Recovery Sequencer 
(DRS) program was undertaken by 
Goodrich, the seat OEM, and the CAD/PAD 
Joint Program Office (JPO) to design and 
qualify a sequencer based on digital 
technology that overcomes the limitations of 
the Recovery Sequencer. The DRS Program 
was broken down into three phases. Phase I 
determined the DRS requirements, overall 
configuration, and potential sources for the 
DRS components. Phase II will complete 
the DRS design, firmware verification, 
component qualification, and system 
qualification sled tests. Phase III is for pre- 
planned product improvements (p3I). 
Phase I of the DRS program was completed 
in 2003. Phase II was started in November 

2003 and is expected to culminate with a 
fully qualified DRS by June 2005. The 
schedule for completion of Phase III is 
currently unspecified. Key results from 
Phase I and the transition between Phase I 
and II, Phase II progress-to-date, and an 
overview of the DRS design are presented 
herein. 

INTRODUCTION 

Currently the ACES family of ejection seats 
utilizes the A114520 Recovery Sequencer to 
control the timing of their ejection events. 
The Recovery Sequencer, shown in Figure 
1, is designed with analog circuit technology 
and dates to the late 1960's. It functions by 
selecting one of three modes of operation 
based on the seat airspeed and altitude. The 
airspeed and altitude regions for each mode 
of operation are shown in Figur6 2. The 
airspeed ~ is determined with the delta 
between the dynamic and static pressures, 
and the altitude with the static pressure, 
through pressure switches in the A114310 
Environmental Sensor. The Recovery 
Sequencer selects the mode of operation 
based on the open or closed positions of 
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these switches. Once the mode is selected, 
the Recovery Sequencer operates in 
accordance with the applicable event 
timings for the selected mode. 

Figure 1 Analog Recovery Sequencer 
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Figure 2 Modes of Operation 

The Recovery Sequencer has limitations 
with respect to its installed life, electronic 
component obsolescence, flexibility to 
accommodate seat safety improvements, and 
mode differentiation at the Mode 1 to 2 
crossover point. The maximum installed life 
of the Recovery Sequencer is 7.5 years 
based on the life expectancy of its thermal 
batteries and some of its internal electrical 
components. As the Recovery Sequencer 
was designed in the late 1960's with the 
current technology of the day, subsequent 
technological advances have rendered 
multiple electronic components obsolete. 

These components are increasingly more 
difficult and expensive to acquire for on- 
going production requirements. Due to the 
analog circuits, the Recovery Sequencer 
can't be upgraded to accommodate advances 
in the seat safety systems without total 
replacement of the internal electronics. In 
addition to the above limitations, the 
Recovery Sequencer has experienced two 
known instances where both Mode 1 and 
Mode 2 were simultaneously selected. Both 
incidents occurred during ejection sled tests 
at velocities near the Mode 1 and Mode 2 
crossover boundary. Simultaneous selection 
of Mode 1 and 2 causes the parachute and 
drogue chute to deploy together and 
potentially entangle with each other, which 
could result in catastrophic injury to the 
aircrew. 

Based on these limitations and the likelihood 
that the ACES ejection seat will remain in 
service for another 30 years, replacement of 
the Recovery Sequencer with a new device 
designed with current technology is highly 
desirable. The Digital Recovery Sequencer 
(DRS) program was created to develop and 
qualify a replacement for the Recovery 
Sequencer. The DRS program was 
established with a three phase approach. 
Phase I was to identify the DRS 
performance requirements, configuration, 
and potential sources of supply. Phase II is 
to complete the design, firmware 
verification, component qualification, and 
system qualification sled tests. Phase III is 
for pre-planned product improvements (p3I). 

Phase I began in early November 2001 and 
concluded in March 2003. Following the 
completion of Phase I, Phase II was placed 
on hold due to insufficient funding to 
complete the DRS design and qualification 
effort as defined exiting Phase I. Phase II 
was started in November 2003 and is 
anticipated to be completed by June 2005. 
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The schedule for completion of Phase III is 
currently unspecified. 

TRANSITION F R O M  PHASE I TO 
PHASE II 

PHASE I 

The primary objective of Phase I was to 
define a DRS configuration based upon 
capabilities of the marketplace, identify 
potential suppliers, and recommend a 
supplier based upon capabilities and cost to 
the USAF/JPO for selection into Phase II. A 
secondary objective of the Phase I program 
was to establish the Phase II program 
structure. 

The initial DRS configuration was 
established through responses by five 
potential suppliers to a Request for 
Information (RFI). The RFI results 
supported the preparation of the 1847-053 
Performance Based Specification (PBS). 
All five potential suppliers were sol ici ted 
through a Request for Proposal (RFP). The 
RFP and subsequent evaluations resulted in 
the identification of two viable suppliers 
based on cost and technical parameters. 
Following the supplier selection process, the 
Phase II and III Statements of Work, 
Program Plans, Schedules, and Cost 
Estimates were developed. The 1847-053 
PBS was reformatted as well to incorporate 
changes identified during the RFP process. 

Phase I concluded with an identified 
configuration based on market capability for 
the DRS and two viable suppliers. Both 
suppliers presented design solutions that 
were compliant with the 1847-053 PBS and 
other program requirements, and were 
recommended to the USAF/JPO. The 
preparatory planning effort for Phase II was 
completed as well. The results of the 
configuration development, supplier 
evaluation, and Phase II/III planning efforts 
were captured in the Phase I final report. 

Following the completion of Phase I, the 
funding available for the DRS design and 
qualification effort in Phase II was found to 
be insufficient to complete the program as 
defined exiting Phase I. Due to the funding 
constraints, the DRS configuration was 
evaluated for potential requirement changes 
that would result in cost savings, yet still 
meet the primary design and performance 
requirements. Based on the results of this 
requirement evaluation, the following 
configuration for the DRS was established: 

• Separate Electronic and Power Modules 
• Removable Power Module using a 

qualified "green" thermal battery 
• Digital based electrical components 
• Firmware programmed in a higher-level 

language per IEEE/EIA-12207 
• Airspeed and altitude inputs from the 

existing Environmental Sensor system 
• Survivable Data Recorder with a single 

set of 3 accelerometers 
• Eight EED Interfaces 
• External test connector 
• Provisions for incorporation of future 

product improvements included 
• -40°F to 160°F operating temperature 

range 
• Fixed or removable Cable Assemblies 

As an additional cost savings to the 
USAF/JPO, Goodrich decided to internally 
fund the DRS design task of Phase II, with 
the USAF/JPO providing funding for the 
qualification tasks. Due to the changes in 
the technical and program requirements 
implemented following the completion of 
Phase I, Goodrich issued a Request for 
Quote (RFQ) to the original eight potential 
suppliers. The RFQ process resulted in the 
selection of Teledyne Electronic Safety 
Products as the DRS Electronic Module 
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Supplier. In addition, Goodrich elected to 
be the supplier for the DRS Power Module 
with Eagle Picher as the thermal battery 
supplier. 

PHASE II 

The objective of Phase II is to design and 
qualify the DRS for use on the ACES family 
of ejection seats. The Phase II program was 
established to achieve this objective through 
completion of the following major 
milestones: 

• System Requirements Review 
• Hardware/Firmware Development 
• Fit-Checks 
• Critical Design Review 
• Hardware/Firmware Verification 
• Component Qualification 
• System Qualification (Sled Testing) 

The System Requirements Review was 
completed in December 2003. Key 
outcomes of the SRR were a complete 
review of the 1847-053 PBS requirements, 
agreements on the methods of compliance to 
the requirements, development of the 
tailored approach for compliance with the 
IEEE-EIA 12207 software development 
specification, and establishment of the fit- 
check and component qualification units. 

The Hardware/Firmware development effort 
was started following the SRR and 
completed prior to the Critical Design 
Review. During this period of the Phase II 
program, the designs of the DRS Electronic 
and Power Modules were completed. The 
Electronic Module is a derivative of a 
qualified and fielded sequencer. The Power 
Module is based on the MXU-792A/A 
Battery Pack and uses Eagle Picher's 
qualified "green" thermal batteries. A 
technical discussion of the DRS design is 
included under a separate section. 

The Fit-Checks were conducted during the 
Hardware/Firmware Development effort in 
February/March 2004. Fit-checks of a 
production equivalent mockup unit were 
conducted on A- 10, F- 15, F- 16, F-22, B- 1B 
Fwd, B 1-B Aft, and B-2 ejection seats. The 
fit-checks successfully demonstrated that the 
DRS could be installed and removed from 
all seat platforms without requiring any 
modifications to the seats. Figure 3 shows 
the mockup unit installed on an F-16 
ejection seat. 

Figure 3 Fit-Check Installation 

The Critical Design Review was completed 
in June 2004. The objective of the CDR was 
to review the DRS detail design and the plan 
for demonstrating compliance to the 1847- 
053 PBS requirements. Key documents 
reviewed during the CDR include the 
following: 

• Firmware Design Description 
• Top-Assembly and Sub-level Drawings 
• POwer Module Development Te~st Plan 
• Reliability Prediction Report 
• Electronic Module FMECA 
• Qualification Test Procedures 
• Qualification by Similarity Reports 
• Acceptance Test Procedures 
• Sled Test Plan 
• System Safety Assessment Report 
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The Electronic and Power Module designs 
and methods of compliance to the 1847-053 
PBS requirements were accepted by the 
USAF/JPO pending completion of the CDR 
action items. The USAF/JPO approved 
entry into the Hardware/Firmware 
Verification and Component Qualification 
portions of Phase II as well. 

The Hardware/Firmware Verification effort 
was started following the CDR and testing 
was completed in July 2004. All firmware 
verification tests were conducted in 
accordance to the Firmware Test Plan 
contained in the 10002127 Firmware Design 
Description. The test results are under 
review and the preliminary analysis showed 
that the firmware meets the requirements of 
the 10002126 Firmware Requirements 
Document. 

g 
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Phase II is currently running on schedule 
with completion of the Component 
Qualification effort for the Electronic and 
Power Modules anticipated by October 
2004. Sled Testing is planned to start in 
November 2004 with the "0/0" sled test 
followed by completion of the remaining 
three tests by March 2005. 
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DRS DESIGN DESCRIPTION 

The Digital Recovery Sequencer consists of 
two primary components-  the Electronic 
Module and the Power Module. The 
Electronic and Power Modules, shown in 
Figures 4 and 5 in their assembled 
configuration, are joined together to function 
as an integral sequencing unit for control of 
the ejection events during emergency 
aircrew egress. The Electronic Module 
attaches to the interior of the right side panel 
of the ejection seat using the same footprint 
as the Recovery Sequencer. The Power 
Module is mounted on the Electronic 

Module with standard aerospace fasteners. 
The cable assemblies are permanently 
attached to the Electronic Module and route 
to their respective external devices in the 
identical manner used with the Recovery 
Sequencer. The hot gas supply tube for 
initiation of the thermal batteries is modified 
to accommodate the inlet port location 
change from the Recovery Sequencer to the 
Power Module. 

Figure 4 DRS Assembly, Top View 

Figure 5 DRS Assembly, Bottom View 

The Electronic Module is an assembly of 
printed circuit boards and associated wiring 
contained within an aluminum housing. It is 
a derivative of a qualified and fielded design 
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and retains the key architectural and 
functional features of that design. The 
Electronic Module uses digital technology 
with a unique firmware code embedded into 
its circuits. It has three redundant channels 
that use a voting scheme for mode 
determination, which prevents the 
possibility of multiple modes being 
simultaneously selected. The Electronic 
Module has two power input cables, two or 
three switch input cables, and six or seven 
EED output cables. The actual number of 
switch input and EED output cables is 
dependant on the application. It contains a 
Survivable Data Recorder feature to record 
data throughout the ejection for post- 
ejection analyses. It has an external test 
connector to retrieve the recorded ejection 
data and for connection to the acceptance 
test set. The Electronic Module incorporates 
the input and output cables as an integral 
part of its assembly, which use a double 
EMI shield method of construction with 
potted strain reliefs at the connector and 
adaptor ends for durability. 

The Electronic Module operates by 
receiving electrical power from the Power 
Module. Following power initiation, the 
Electronic Module microcontrollers boot up 
and synchronize with each other. The 
Electronic Module receives the start switch 
and environmental switch inputs and based 
on the switch settings, determines the 
appropriate ejection mode. Once the 
ejection mode is determined, the Electronic 
Module controls its outputs to the applicable 
EED's based on its firmware/hardware 
circuits in accordance to the specified event 
timings in the 1847-053 PBS. The 
Survivable Data Recorder feature records 
the input switch positions, the selected 
mode, and actual event sequence timing. 

The Power Module is an assembly of two 
redundant thermal batteries, a manifold 

assembly, and a mounting clip. It is based 
on the MXU-792A/A Battery Pack and uses 
the same "green" thermal batteries. The 
manifold assembly consists of dual firing 
pins contained within firing bodies screwed 
into the manifold body. The firing pins are 
held in place in the firing bodies with shear 
pins. The manifold body has dual ports and 
an internal cross channel between the ports. 
One port contains a standard union fitting 
and the other is plugged. 

The Power Module operates by receiving 
ballistic hot gas from the CKU-5 rocket 
catapult. The hot gas travels from the CKU- 
5 through a tube assembly into the standard 
union fitting. The hot gas then flows into 
the firing bodies and through the cross- 
channel, causing the firing pins to strike the 
thermal battery primers. The shear pins 
used to retain the firing pins in place are 
designed to withstand 400 psig and 
completely shear between 400 and 650 psig. 

Use of a separate Electronic Module and 
removable Power Module was implemented 
to overcome the life-limited aspects of the 
Recovery Sequencer. The thermal batteries 
with an installed life of 7.5 years are the 
primary life-limiting component on both the 
DRS and the Recovery Sequencer. By being 
able to replace the thermal batteries 
independent of the electronics, the 
Electronic Module can remain installed for 
over 20 years without removal, The 
component obsolescence and mode 
differentiation issues of the Recovery 
Sequencer are eliminated by using digital 
based electrical components with~ a triple 
redundant voting architecture. Use of 
firmware written in a higher order language, 
provisions for an extra EED interface, and 
capacity for expansion of the electronics 
within the Electronic Module housing 
provide the needed flexibility in the DRS for 
incorporation of future product 
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improvements. The Survivable Data 
Recorder was added to capture data during 
actual ejections that will be used to develop 
a better understanding of the performance of 
the seat. The external test connector 
supports the future incorporation of a field 
test set. The cable assemblies are 
permanently attached to Electronic Module 
for reliability and cost purposes. They 
replace the method of construction used by 
the Recovery Sequencer cable assemblies 
with an alternate proven method of 
construction that alleviates durability issues 
and still interface with their respective 
devices without seat modifications. The 
DRS retains the Environmental Sensor 
airspeed and altitude inputs for selection of 
the mode of operation, and activation of the 
thermal batteries with hot gas from the 
CKU-5 rocket catapult to minimize impacts 
to the system seat design. 

The DRS as it is currently defined provides 
a significant advancement in aircrew safety 
by eliminating the limitations of the 
Recovery Sequencer. It also provides the 
foundation for incorporation of future safety 
improvements through its ability to grow 
without significant hardware changes and 
record actual ejection event data 

CONCLUSION 

The Digital Recovery Sequencer program 
was initiated to design and qualify a 
replacement to the Recovery Sequencer used 
on the ACES family of ejection seats. 
Replacement of the Recovery Sequencer is 
highly desirable due to design limitations 
including a short installed life, electronic 
component obsolescence, limited growth 
capacity, and the potential to simultaneously 
select two modes of operation. The DRS 
configuration overcomes the life limitation 
of the Recovery Sequencer by enabling 
replacement of the life-limited thermal 

batteries independent of the electronics. It 
eliminates the obsolescence and the 
potential for simultaneous selection of two 
modes, and creates design flexibility by 
using a firmware based design approach 
with digital components. It includes the 
capacity to physically expand with minimal 
hardware changes and a Survivable Data 
Recorder to capture live ejection data for use 
in incorporating future product 
improvements. 

The DRS program was established with 
three phases. Phase I is complete and Phase 
II is underway. Phase III is not scheduled 
to-date. Phase II started in November 2003 
and is complete through the Critical Design 
Review. The component qualification effort 
is scheduled to start in September 2004 with 
Sled Testing to follow starting in November 
2004. Key accomplishments completed 
during Phase II thus far include: 

1. Establishment of the DRS requirements 
and compliance methods during the SRR 

2. Completion of the designs of the 
Electronic and Power Modules during 
Hardware/Firmware Development 

3. Successful demonstration of the 
installation and removal of the DRS 
mockup unit during the Fit-Checks 

4. Acceptance of the Electronic and Power 
Module designs and approval for entry 
into the Component Qualification effort 

Overall, the Digital Recovery Sequencer 
provides a significant advancement in 
aircrew safety, forms the foundation for 
incorporation of future safety improvements, 
and is on target for being qualified by June 
2005. 
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